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In t roduc t i on  

We are c a r r y i n g  ou t  a search f o r  g r a v i t a t i o n a l  waves. Th is  k i n d  o f  

r a d i a t i o n  was pred ic ted  by E i n s t e i n  i n  1916, from a study o f  the weak f i e l d  

so lu t i ons  of the General Theory of R e l a t i v i t y .  No one has y e t  observed g rav i -  

t a t i o n a l  waves, and thus f a r  no r igorous p roo f  of t h e i r  ex is tence has been 

given. However, considerable theo re t i ca l  research dur ing  the pas t  f o r t y  seven 

years has made i t  very p l a u s i b l e  tha t  such r a d i a t i o n  ex i s t s .  

Theore t ica l  Research 

Professor Misner and D r .  Zapolsky have been study ing h i g h l y  condensed 

and co l lapsed s ta rs .  The i r  p roper t ies  and the  processes by which they might be 

formed determine the  frequency spectrum and abundance o f  g r a v i t a t i o n a l  r a d i a t i o n  

from the  most in tense source ye t  proposed, namely c lose  b inary  co l lapsed s ta rs .  

Some preparatory  s tud ies are  going on f o r  a study o f  the dynamics o f  the u l t i -  

mate co l lapse i n  a more r e a l i s t i c  i d e a l i z a t i o n  than t h a t  o f  Oppenheimer and 

Snyder. The most a c t i v e  cur ren t  e f f o r t  i s  an attempt t o  show t h a t  t he  non-exist- 

ence of c o l d  s t a t i c  e q u i l i b r i u m  states f o r  massive s ta rs  (which have exhausted 

t h e i r  thermonuclear energy sources) i s  independent o f  the  equation o f  s t a t e  a t  

dens i t i es  much h igher  than nuclear density. Computations by Misner have already 

shown t h a t  the maximum baryon-baryon repu ls i ve  fo rce  a l lowable by r e l a t i v i t y  the- 

ory ,  i f  proposed t o  en ter  a t  h igh  energies, w i l l  not  he lp  t o  produce e q u i l i b r i u m  

s ta tes  f o r  massive c o l d  s ta rs .  Zapolsky i s  prepar ing a c a l c u l a t i o n  w i t h  the 
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oppos i te  assumption, namely t h a t  the  pressure of a baryon gas i s  extremely small 

a t  dens i t i es  above those where reasonable estimates can be made. I f  both these 

extreme c a l c u l a t i o n s  suggest, as do in termediate assumptions i n  previous calcu- 

l a t i o n s  by Oppenheimer and Volkov, Salpeter, and Ambartsumyan and Saakyan, t h a t  

no s t a b l e  a l t e r n a t i v e  t o  eventual co l lapse i s  conceivable, they w i l l  proceed t o  

studying: (1)  p roper t i es  o f  t o t a l l y  co l lapsed systems and (2) dynamics o f  

co l lapse.  

Experimental Research 

Several years ago i t  was noted’ t h a t  f r e e  o s c i l l a t i o n s  o f  an e l a s t i c  

body might be exc i ted  by g r a v i t a t i o n a l  waves. The g r a v i t a t i o n a l  i n t e r a c t i o n  i s  

i n c r e d i b l y  weak. A very la rge  e l a s t i c  body i s  needed t o  ob ta in  good s e n s i t i v i t y ,  

so i t  was suggested t h a t  t he  ear th ’  and the  moon2 be employed. 

t e c t i n g  the  f r e e  o s c i l l a t i o n s  i s  t o  make use o f  a s e n s i t i v e  gravimeter. Th is  

detects  small changes i n  acce le ra t ion  due t o  g r a v i t y  as the ea r th  o r  l u n a i  sur-  

face executes the  f r e e  o s c i l l a t i o n s .  

One way o f  de- 

The e a r t h ’ s  sur face i s  q u i t e  noisy because the changes i n  barometric 

pressure, temperature and o ther  weather e f f e c t s  have a somewhat random character. 

It i s  hoped t h a t  the  lunar  sur face w i l l  be be t te r .  

Professors Weber and Zipoy and M r .  Kaup have been s tudy ing  several k inds  

of gravimeters. Our immediate ob jec t i ve  i s  t o  develop a gravimeter which i s  capable 

o f  be ing rocket  landed on the  lunar  surface. We have been consider ing instruments 

o f  the La Coste Romberg type. 

100 grams. I t  i s  des i rab le  t o  be able t o  sense the p o s i t i o n  o f  the mass, then t o  

employ a losed loop servo system t o  res to re  the  mass t o  i t s  o r i g i n a l  pos i t i on .  

The servo vo l tage requ i red  t o  do t h i s  then becomes a measure o f  t he  change i n  

acce le ra t  on due t o  g rav i t y .  

These employ metal spr ings and a mass o f  about 

E x i s t i n g  methods o f  sensing the  p o s i t i o n  of a mass 
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make use of an o p t i c a l  lever  t o  g ive  r e l a t i v e l y  l a rge  displacements o f  a l i g h t  beam 

as a m i r r o r  associated w i t h  the mass i s  t i l t e d .  We are exp lo r i ng  such methods 

as w e l l  as new methods which unbalance a radiofrequency br idge as the acce le ra t ion  

due to g r a v i t y  changes. We are  a l so  s tudy ing  superconducting gravimeters. 

employ a superconducting mass suspended i n  a magnetic f i e l d .  

These 

Research During the  Next Six Months 

We a n t i c i p a t e  t h a t  t he  theo re t i ca l  research w i l l  be concerned w i t h  the  

dynamics of g r a v i t a t i o n a l  co l lapse and the  emission spectrum o f  g r a v i t a t i o n a l  

rad ia t i on .  Our experimental research w i l l  endeavor t o  produce a p re l im ina ry  model 

o f  a record ing  gravimeter. 
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